Abstract
Introduction
Information is fundamental to our way of life and agriculture is no exception. Farmers need access to reliable information and knowledge along the value chain to improve their productivity. Information sources and channels available to farmers include libraries, internet, extension agents, research organizations, radio, television, community based organizations, neighbours, family, fellow farmers (farmer to farmer communication), cooperative groups and societies, traders, etc. (Ngathou, Bukenya, & Chembezi, 2006; Daudu, Chado, & Igbashal, 2009; and Mwalukasa, 2013) . In view of the rapid growth and expansion of communication technologies there has been a lot of research in the area of communication and agricultural development. However, the focal point of researchers have been geared towards modern communication media, and how these can contribute to improving access to agricultural information. On the other hand, interpersonal communication is invaluable to communication among the rural folk who incidentally are at the core of agriculture.
Several studies highlight the potential of interpersonal communication. For instance, Licht & Martin (2007) , Lwoga, Stilwell, Ogbama (2010) , Ngulube (2011), and Okwu and Daudu (2011) realized that friends, relatives and neighbours are regularly available and accessible to the farmers to gain the agriculture information they need. According to Leeuwis (2013) , to a large extent the dynamics of diffusion methods rely on horizontal communication among farmers. Farmers scrutinize and have their perception of other farmers' skills, practices and performance, and they discover more by discussing their own experiences with friends and neighbors. Opinion leaders, who are also local farmers, are good sources of new information and advice. They usually enjoy considerable authority on the way other locals think and behave (Rogers, 2003) . The argument that rural farmers prefer farmer-to-farmer communication is supported by several studies that indicate that even in communities where social organisation and infrastructure exist, farmers favor their colleague farmers as their prime information source (Demiryurek, 2008) . In their study on the effectiveness of the farmer-to-farmer extension approach in Uganda, Ssemakula and Mutimba (2011) also found that there was a high level of communication between farmers compared to what existed between the farmers and any other individuals or extension service providers.
In Ghana, the Ministry of Food and Agriculture (MOFA) which is the major source of information to farmers, is faced with several constraints. One of such constraints relevant to this study is the low extension -farmer ratio. In the Ahafo Ano South district where this study was conducted, the extension agent -farmer ratio is 1:2,171 (Ghana Statistical Service, 2014) . Even though this ratio is better than the national figure which stands at 1:3000, this situation negatively affects the availability of agricultural information to farmers in the district and the country at large (Ghana Statistical Service, 2014) . A study conducted in the Atwima Mponua and Amansie West districts in the Ashanti region of Ghana found that 83.8% of farmers had not met an extension agent in the year preceding the study. The farmers relied heavily on their network of family members and friends for information on cocoa and only 13% regarded the extension system as a reliable information source (Baah, 2008) .
The result is a lack of an effective farmers' information support system to support the farming activities in the country and farmers tend to rely on their own informal information sources. Even in instances where there has been some level of agricultural information dissemination through the mass communication media, farmers have very little choice with respect to the kind of information available to them. Siraj (2012) attests to the fact that rural populations are not only resource poor but also information poor. In addition, Ngwenyama, Andoh-Baidoo, Bollou, and Morawecynski (2006:4) observed that "in Africa, three quarters of the population is illiterate and lives in rural areas that lack basic facilities such as electricity and to expect effective utilisation of communication technologies like the Internet in all areas, by all people, would be unreasonable".
This view is also supported by Ghatak (2007) who identified constraints such as differing literacy, poor technical skills and lack of practical digital content to the use of communication technologies. The constraints associated with the use of ICTs especially in rural areas as well as their limited access to agricultural extension agents make it necessary to consider the potential of informal information networks for improving the provision of agricultural information.
Objective of the Study
The main objective of this study was to examine the informal communication networks of rural farmers in the Ahafo Ano south District of Ghana in order to determine how they can be harnessed for the provision and flow of agricultural information.
Research Questions
The following research questions were posed to achieve the above objective:
RQ 1: What are the characteristics of major providers of agricultural information in the local information networks identified? RQ 2: How do the structural properties of the existing networks affect the flow of agricultural information?
Theoretical Framework
The social network theory forms the basis of the theoretical framework from which the study was derived. Serrat (2010) describes social networks as nodes of individuals, groups, organizations, and related systems that tie in one or more types of interdependencies such as shared values, visions, and ideas; social contacts, kinship, conflict, financial exchanges, trade, joint membership in organizations, and group participation in events, among numerous other aspects of human relationships. The theory views social relations basically in terms of nodes and ties. The nodes correspond to individual actors while the ties stand for the relationships or linkages between the actors. The focal point of network analysis is to identify the relationships between people. This method focuses on informal relationships, indicating how existing informal interactions ease or hinder the transfer of information and knowledge or more concrete items such as commodities and currency. By expressing these interactions in the form of sociograms (a graph that depicts the social relations in a group), network analysis helps to reveal the unofficial communication patterns that exist in a community, group or organization. Social network analysis has been applied in a wide range of academic disciplines such as anthropology, business studies, communication studies, information science, organizational studies, development studies and literature studies (De Nooy, 2003) . This study however dwells on the flow of agricultural information through informal interactions between members of social networks.
Method
The study was conducted in Ghana, West Africa, in the Ahafo Ano South district located in the Ashanti Region. The District is predominantly rural (90%) with over 160 organised settlements and has a population of 121,659 (Ghana Statistical Service, 2014). The major crops grown by farmers in the area are cash crops, such as cocoa, citrus, oil palm and food crops like rice, plantain, cassava, cocoyam, maize and vegetables (tomatoes and okra). Both qualitative and quantitative methods were employed in the study. The study adopted the snowball method of sampling for network analysis as proposed by Hanneman and Riddle (2005) . The snowball method begins with a central actor or set of actors. Each of these actors is asked to name some or all of their ties to other actors. Then, all the actors identified (who were not part of the initial listing) are tracked down and asked to name their ties. The process continues until no new actors are identified. Data was collected primarily by means of administered questionnaires. Respondents were selected from three communities in the district namely; Kunsu, Afreseni, and Dunyankwanta. These separate communities were similar in terms of crops grown, existing farmer groups, and access to land. Only one farmer (an individual who owned or rented land and had an established farm) was selected from each household to be interviewed. Additional questionnaires were also administered to actors identified as key communicators in order to determine their sources of information, information sharing habits, and their positions or status in the community.
Farmer responses were coded in terms of dual variables (distinguishing between the presence or absence of ties), to allow entry into a name-based adjacency matrix (Hanneman and Riddle, 2005) . The coded responses were entered into Pajek (Batagelj and Mrvar, 2007) to create socio-grams and analysed with the aid of the software Ucinet 6 for Windows (Borgatti, Everett and Freeman, 2002) . The sociograms were created according to the core-periphery model (Cattani and Ferriani, 2008) . The Core-periphery model sorted actors in each network into two categories, one category for highly sought farmers and the other for farmers who are less consulted. The networks were also analysed in terms of network descriptors such as network size, network degree centrality (number of mentions held by various farmers), and betweeness centrality (level at which some farmers are placed centrally among other farmers). Degree Centralization measures are done by expressing the extent of inequality or variance in the network as a percentage of that of a perfect network of the same size. Betweeness Centralization measures determine influential actors in terms of their control over the flow of information by virtue of their position as intermediaries connecting many pairs of other actors in the network.
Findings

Local information networks identified in Ahafo Ano South District
One local information network was observed in each of the three communities studied. These networks had varying sizes yet shared common characteristics. The networks portrayed the social relations existing in each community, revealing unofficial communication patterns that exist in the community. All the sociograms displayed a core-periphery structure (see Figure 1, 2 and 3) . Core farmers were consulted by other core and periphery farmers more often than the other farmers, leading to a high number of information ties originating from within the small group (core farmers). The information centred on fertilizer application, weed and pest control, choice of planting materials, and harvesting and marketing of cocoa and rice. The mode of communication was oral during home and farm visits, informal conversations and group meetings. The information network in Kunsu had a network size of thirty-two and the Afreseni information network consisted of fiftyeight members while the Dunyankwanta network revealed seventy-two members.
. 
Characteristics of the major providers of agricultural information
A total of 23 major providers of information (referred to as key communicators in this study) were identified in the three networks: six in Kunsu, eight in Afreseni and nine in Dunyankwanta. All key communicators in Kunsu occupied leadership positions in their communities such as chairperson or financial secretary of the farmer groups to which they belonged. Four and seven key communicators in Afreseni and Dunyankwanta respectively were also found to be leaders in their communities. Characteristics of key communicators such as age, farm output per acreage and training were studied in comparison to the characteristics of the population ( Table 1) . Key communicators in all three networks were found to be significantly older than the rest of the population when the means of both groups were compared using a one-sample t-test. The key comrmunicators also had significantly higher output per acreage. Thus key communicators who were consulted most turned out to be comparatively older and more successful in farming. All the 23 key communicators have benefitted from training programs from MoFA and non-governmental organizations in areas like choice of good planting material (cocoa), weed and disease control, fertilizer application (cocoa), proper record keeping, and proper use of chemicals (fertilizers, pesticides, herbicides, etc.) in cocoa and rice production. 
Structural Properties of the existing networks and the flow of Agricultural information.
The structural properties of the networks studied in the three communities are; network density, degree centralization, and betweenness centralization. The density of ties between core and periphery groups was used to indicate the rate at which information spread across and within the groups. Table 2 shows that in all the networks farmers in the core group sought advice from other core acquaintances more often than from farmers in the periphery, resulting in a high level of communication within the smaller core group. Generally, the comparatively small, dense cluster of farmers (core) was consulted by both members of the core and periphery groups for agricultural information. On the whole, the core group was prominent in the transmission of agricultural information to the larger population in all three communities. The three networks displayed considerable variability in terms of density, degree centralization, and betweenness centralization (see Table 3 ). The density across the networks decreased as the size of the network increased. A higher variability was observed across the actors in terms of outdegree than indegree (standard deviations). This indicates the heterogeneous features of the networks in terms of structural positions occupied by central actors. The central tendency values (mean and standard deviation) for betweenness centrality also displayed a relatively high variation in actor betweenness (comparing the standard deviations to the means). This is logical, considering the fact that not all actors in the various networks were identified as influential to agricultural information provision. 
Discussion
The study found that major providers of agricultural information or key communicators were significantly older, had higher farm output than the rest of the population and tended to occupy leadership positions in their community. Borgatti and Everett (1999) observed that in a coreperiphery network there exists a group of agents that is densely connected internally, while all remaining network members are sparingly connected among themselves. Barsky (1999) also proposed that core-periphery models in information networks develop from a persistent choice of exact actors who possess exclusive characteristics that enhance their entry into the core membership group. Mittal and Mehar (2013) also indicate that older farmers are more likely to be consulted by younger farmers for agricultural information. Other authors also posit that farmers who have higher yields and are seen as successful by other farmers tend to provide information to other farmers and are seen as role models (Borgatti, 2005; Goswami & Basu, 2010) . Rogers (2003) also noted that farmers in leadership positions in their local communities are indispensable with respect to providing agricultural information to farmers and influencing adoption of new agricultural technologies. With regard to our second research question our findings showed that network densities decreased with increasing size. Noor, Mrvar, and Batagelj (2005) explain that density is inversely related to the size of a network; the larger the social network, the lower the density because the number of possible ties increases rapidly with the number of actors, whereas the number of ties which each person can maintain is limited. Leonard (2008) further states that the closer the density value is to zero, the slower the flow of information in the network becomes. Smaller information networks are therefore preferable when seeking to strengthen adoption of agricultural technologies as compared to larger networks where the strength of relationship between actors is reduced.
The networks did not show any considerable differences with respect to the whole network centrality measures. The low degree centrality measures indicate that despite the presence of a significant quantity of centralization within the networks, the influence of the various actors differ and there is a considerable disparity in the amount of power wielded by influential actors in the networks. This is explained by the fact that the key communicators who possess high amounts of ties are comparatively few as compared to the other actors. Marks et al (2013) explain that low network degree centralization measures as seen in the three networks indicate that actors in the network share frequent and valuable information with one another through relationships with several central individual actors rather than through one centralized person or position, thus reducing the danger of information flow being dependent on just one central actor.
In the three networks, the network betweenness centralization were relatively low. As Hopkins (2011) explains, low betweenness scores indicates that the actors are situated between few pairs of other actors. The low mean betweenness scores of the networks, the large number of actors with a betweenness measure of zero, and the extremely low network betweenness centralization index across all three networks indicate that there are few information brokers within the networks. However, it must be pointed out that the sociometric method fails to account for knowledge transmitted by means of circumstantial learning and unsolicited information, leading to low betweenness centralization measures.
Conclusions and Recommendations
The findings of the study indicated the presence of a network for transmission of agricultural information in each of the three rural communities. Key communicators turned out to be farmers who were older, successful in farming and had access to training and information from external sources. Thus the social status of individuals in a network is to an extent indicative of their performance in terms of agricultural information provision. It is therefore suggested that extension agents should identify and contact such key communicators who are highly sought after or consulted by their peers when introducing or transferring technologies and specialized information in these communities.
Significant but weak network ties found among members of the networks also suggest that other actors also facilitated the flow of information through the network. Network properties indicate that people who seem to have little influence within a social structure may have close links with influential actors within or outside the structure. Due to their positions in the social network the presence of these 'informal leaders' is important for effective provision of agricultural information. This implies that in addition to central actors who are responsible for the generation and flow of agricultural information, there are other network members who are important in terms of connecting individuals. It is recommended that in disseminating information in such rural communities, extension service providers should identify not just actors who have numerous ties with many others (central actors), but should also make use of farmers who can serve as intermediaries by virtue of their links between actors. This study focused on measures of social network analysis observed at a particular point of time. Subsequent research may possibly investigate how these measures and their influence on information availability vary over time. In addition, since the study used a representative model of just one district in the country (with mainly cocoa and rice farmers), further studies could be focused on understanding the informal information networks that exist in larger geographical areas and with more crop diversity.
